This study compared long-term speech performance after cochlear implantation (CI) between surgical strategies in patients with chronic otitis media (COM). Thirty patients with available open-set sentence scores measured more than 2 yr postoperatively were included: 17 who received one-stage surgeries (One-stage group), and the other 13 underwent two-stage surgeries (Two-stage group). Preoperative inflammatory status, intraoperative procedures, postoperative outcomes were compared. Among 17 patients in One-stage group, 12 underwent CI accompanied with the eradication of inflammation; CI without eradicating inflammation was performed on 3 patients; 2 underwent CIs via the transcanal approach. Thirteen patients in Two-stage group received the complete eradication of inflammation as first-stage surgery, and CI was performed as second-stage surgery after a mean interval of 8.2 months. Additional control of inflammation was performed in 2 patients at second-stage surgery for cavity problem and cholesteatoma, respectively. There were 2 cases of electrode exposure as postoperative complication in the two-stage group; new electrode arrays were inserted and covered by local flaps. The openset sentence scores of Two-stage group were not significantly higher than those of Onestage group at 1, 2, 3, and 5 yr postoperatively. Postoperative long-term speech performance is equivalent when either of two surgical strategies is used to treat appropriately selected candidates.
INTRODUCTION
Profound sensorineural hearing loss (SNHL) can occur in patients with chronic otitis media (COM) as a secondary effect of labyrinthitis, a labyrinthine fistula, or iatrogenic injury during surgery. Cochlear implantation (CI) has become the mainstay of auditory rehabilitation in patients with profound SNHL. However, CI was initially contraindicated in COM patients, because insertion of foreign material through a contaminated field into a space featuring potential intracranial communication was thought to be inappropriate (1) . As the audiological benefits afforded by CI became better understood, and as surgical skills and radiological techniques improved, CIs have been increasingly performed in patients with COM.
Recently, many reports on CI in patients with COM have appeared, addressing several issues, including candidate selection, choice of surgical strategy, and postoperative complications (2) (3) (4) (5) (6) (7) (8) (9) (10) . In patients with COM, complete eradication of infected foci in the middle ear cleft prior to CI is essential to avoid development of serious complications and subsequent explantation (8) . Therefore, it is essential to consider disease activity status when planning the surgical strategy; either one-or two-stage surgery may be appropriate. Postoperative findings after CI in patients with COM have been evaluated in those treated with one-or two-stage procedures, but among-study differences in results are apparent (2, 3, 7, 9) .
Hearing rehabilitation is the most important goal of CI, so the evaluation of postoperative speech performance is essential. However, such performance after CI in COM patients has been evaluated in only a few reports (4, 10) and comparisons of speech performance after application of various surgical strategies have not been performed. Hence, in the present study, we analyzed the postoperative complication and post-CI long-term speech performance of patients with COM treated via one-or two-stage surgery.
MATERIALS AND METHODS
In the present work, we defined COM as a disease resulting from long-term damage to the middle ear usually caused by Eustachian tube dysfunction but that may also be caused by perforation of the eardrum that failed to heal after trauma, or acute infection of the middle ear. We divided COM patients into those with active COM (chronic suppurative otitis media), who exhibited persistent drainage from the middle ear through a perforated tympanic membrane (11, 12) ; and those with inactive COM (with a simple, dry, clean perforation of the tympanic membrane, or a retracted membrane, in an otherwise healthy ear, and dry, open, mastoid cavities).
Between November 1988 and October 2010, 39 patients with histories of COM who underwent CI were enrolled. Of these, 30 patients who were followed-up for more than 2 yr were included in the present study. Nine patients examined in the previous study of Kim et al. (5) were also included in the study. Medical records including those of otorhinolaryngological examinations, hearing status evaluations, high-resolution temporal bone computed tomography (TBCT), and magnetic resonance imaging (MRI), were reviewed retrospectively. Medical histories containing information of the principal complaint, symptom progression, and postoperative management of the implanted ear were also reviewed. Patients were followed-up for an average of 66.0 months (range, 24-213 months) after CI.
Patients were divided into two groups; these were 17 patients who received one-stage surgery (One-stage group) and the other 13 patients who underwent two-stage surgery (Two-stage group). The mean ages of patients in 2 groups were 56.0 yr (range, 39-68 yr) and 49.2 yr (range, 19-65 yr), respectively, and the mean follow-up periods 52.1 months (range, 26-133 months) and 84.2 months (range, 24-213 months). One-stage surgery featured simultaneous complete eradication of the pathological condition, and CI. In two-stage surgery, eradication of the pathological condition and mastoid obliteration were performed during the first stage and CI during the second stage, after a planned interval. Patients with histories of tympanomastoidectomy (TM) unrelated to staged-surgery were included in the study, and assigned to either of the two groups as appropriate. As an alternative to use of the conventional transmastoid facial recess technique, CI was performed using a transcanal approach in selected cases. The transcanal approach has been described by Jang et al. (13) .
Speech performance was evaluated by open-set sentence testing using the Korean version of the Central Institute for the Deaf (K-CID) sentence set. Open-set sentence scores calculated 1, 2, 3, 5, and > 5 yr postoperatively were compared between the 2 groups. Statistical analysis was performed with the aid of SPSS version 17.0 (SPSS, Chicago, IL, USA). A P < 0.05 was considered to reflect statistical significance.
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RESULTS
The demographic characteristics of the 30 patients, including age at CI, duration of deafness, type of device implanted, operation name, preoperative PTA (pure tone average), and preoperative and the final open-set sentence score, are shown in Table  1 . Seventeen patients were males and 13 females, with a mean age of 52.8 yr (range, 19-68 yr). The mean preoperative open-set sentence scores of two groups were 2.1% ± 8.7%, 8.5% ± 17.8%, respectively, which was not significantly different (P = 0.250). CI was performed to right side ear in 14 patients and left side ear in 16 patients. A total of 28 patients were postlingual hearing loss except 2 patients with prelingual hearing loss (Nos. 12 and 14) in One-stage group. The etiology of hearing loss was COM in all patients and cholesteatoma was accompanied in 7 patients (Nos. 3, 5, 8, 21, 22, 24, and 26). COM was accompanied by cholesteatoma in 7 patients. All patients except 2 patients (Nos. 12 and 14) showed postlingual deafness, and the mean duration of deafness was 7.5 yr (range, 0.3-23.9 yr). MRI was available in 23 patients (14 in One-stage group, 9 in Twostage group) and the status of cochlear nerve was reviewed and patent in all patients. The Cochlear ® device was implanted in 20 patients (66.7%); the Advanced Bionics ® device in 6 (20%); and the MED-EL ® device in 4 (13.3%). Electrode was fully inserted in all patients, which was identified in postoperative X-ray. Onestage group had 17 patients and the status of the tympanic membrane was as follows: 4 dry perforations, 3 retractions, and 10 intact drums after the TM. Fourteen patients underwent CI, accompanied by 6 closed-cavity TMs (CCs), 2 open-cavity TMs (OCs), and 4 subtotal petrosectomies (STPs); for 2 patients, CI was performed via the transcanal approach. Three patients showed healthy postoperative status after the TM unrelated to stagedsurgery, so CI was performed as one-stage surgery. Of 13 patients of Two-stage group, eleven patients showed tympanic membranes with wet perforations of various diameters, accompanied by thick granular changes caused by chronic inflammation. Two patients had inactive COM, but underwent two-stage surgery to prevent cavity problem by mastoid obliteration. Four CCs, 8 OCs, and 1 STP were performed as first-stage surgery and CI was performed at the second surgical stage after a mean in- (5) 28 (5) 84 (3) 98 (7) 98 (2) 96 (3) 82 (5) 37 (2) 18 (3) 58 (2) 94 (9) (7) 42 (13) 89 (12) 40 (7) 78 (9) 96 (11) 66 (6) 40 (7) 85 (3) 61 (3) 96 (2) 100 (3) 98 ( No patient in either group experienced recurrent infection or cholesteatoma recurrence or any intracranial complication. Two patients (nos. 18 and 26) of Two-stage group, who underwent OC as first-stage surgery, experienced device failure with electrode exposure in the mastoid cavity 10 yr and 2 yr after CI. The electrodes were repositioned and new electrode arrays were covered by superiorly based temporalis muscle flaps. There were no electrode problem and CI extraction in One-stage group. Other complications included pinpoint perforation transient dizziness, tinnitus, and hematoma; all complaints improved upon application of conservative management ( Table 2) .
The mean speech performance scores from open-set sentence testing at years 1, 2, 3, and 5 postoperatively are shown in Table  3 . Overall, the open-set sentence scores were relatively good (≥ 70%) at all tested times. When 2 groups were compared, the scores of Two-stage group were somewhat better than those of One-stage group at all times, but no significant difference was apparent (P = 0.458, 0.234, 0.772, 0.931). The difference in openset sentence scores between the two groups tended to decrease as the follow-up period increased, as a result of improvement in the speech performance of One-stage group.
Nine patients (nos. 1, 3, 5, 7, 13, 14, 19, 21 , and 25) exhibited poorer speech performance (open-set sentence scores < 50%) as the follow-up period increased (Table 4 ). Six such patients were in One-stage and 3 in Two-stage group. Two patients (nos. 13 and 19) underwent speech performance testing only once during follow-up and two patients (nos. 5 and 14) were tested twice. 
DISCUSSION
In the current study, 17 (56.7%) of 30 patients underwent CI via one-stage surgery. Most previous reports have recommended staged surgery as the standard approach to CI in COM patients. Eradication of the pathological condition, with or without blind closure of the EAC, is performed first, followed by later CI after a planned interval (6, 14) . However, one-stage surgery may alternatively be performed on appropriately selected patients, especially those with inactive COM, and several studies have reported data from one-stage surgical patients (2, 7, 10, 15) . Such treatment avoids repeat general anesthesia and reduces the total cost of implantation.
Complications requiring surgical repair after CI in patients with inactive COM, although rare, have been reported (8, 16, 17) . Such complications occurred after either one-or two-stage surgery. Postelmans et al. (3) analyzed 13 CI subjects with COM (4 with active disease, 9 inactive) and suggested that CI, performed as one-stage surgery, was relatively safe in patients with inactive COM, but development of serious complications remained possible, requiring subsequent explantation. However, serious complications (electrode exposure) occurred in only 2 patients of Two-stage group of our current study. Although our sample size was not large, our work reinforces the notion that CI using one-stage surgery is safe. Cholesteatoma developing after EAC closure may cause symptomatic destruction of the temporal bone and/or failure of the CI device (18) . In our present patient series, cholesteatoma was detected pre-and intraoperatively in 7 patients (3, One-stage group; 4, Two-stage group), but was completely removed and did not recur during follow-up. This means that the recurrence of cholesteatoma is affected by surgical skill rather than surgical strategies. Electrode exposure in the mastoid cavity is one possible serious complication that may cause a device to malfunction. This complication usually occurs when the canal wall-down (open cavity) technique is used. In this current study, OC was performed in 2 patients of Onestage group (11.8%) and 8 patients of Two-stage group (61.5%). On the contrary, STP was performed in 4 patients of One-stage group (23.5%) and 2 patients of Two-stage group (15.4%). This difference might be one of the explanations for the occurrence of electrode exposure in Two-stage group. Therefore, irrespective of the surgical strategies chosen, it could be important to obliterate the mastoid cavity to an extent adequate to allow coverage of the electrode array using well-vascularized soft tissue flaps, if the canal wall-down technique is employed.
The surgical algorithm we used is shown schematically in Fig.  1 . Patients were managed based on the extent of disease activity, with reference to inflammatory status and the need to obliterate the mastoid. Patients with active COM underwent the TM as first-stage surgery, and CI after a planned interval. A history of previous surgery was not considered when enrolling patients in the present study. Thus, all patients underwent CI as indicated by the surgical algorithm, irrespective of any history of previous surgery.
In the time since CI in patients with COM commenced in 1993 (19) vious studies have examined candidate selection, surgical methods and strategies, and postoperative complications. As shown in Table 5 , most studies had only small numbers of patients in either One-or a Two-stage group, with the exception of a single study by Leung and Briggs (4) . In addition, few reports have compared postoperative long-term speech performance with reference to the surgical strategy used. In our present study, the sample size of either group was similar; all patients were followed up for at least 2 yr; and postoperative speech performance scores were available. We found that the auditory performance of 2 surgical strategies showed statistically no significant difference, which also supported the equivalence of one-stage surgery to two-stage surgery ( Table 3 ). The speech performance of Onestage group tended to improve as the duration of follow-up increased, as compared with that of Two-stage group. The followup loss of some patients in One-stage group (nos. 5, 13, and 14; Table 4 ), whose speech performance was poor, might be one of the reason. The long-term speech performance in most patients remained relatively stable in this current study. However, five patients with poor speech performance showed a decline in open-set sentence score, especially at 5 yr postoperatively (nos. 1, 3, 7, 21, and 25, 16.7%) ( Table 4 ). Table 4 shows the patients with poor speech performance during follow-up. Various prognostic factors may play roles in post-CI outcomes rather than surgical strategies chosen. Such factors may include deafness of long duration (nos. 3, 7, 14, and 19); CI in prelingually deafened adults (nos. 14); absence of pre-CI rehabilitation with a hearing aid (nos. 1, 3, 7, 13, and 19); low educational level (nos. 3, 5, 7, 14, and 25); and narrow bony cochlear nerve canals (nos. 1, 3, 7, and 21).
Our surgical experience and our analysis of long-term speech performance after CI, described in the present study, suggest that 2 surgical strategies in patients with COM are equivalent with respect to postoperative complication and long-term auditory outcome if CI candidates are appropriately selected with reference to patient condition and the level of COM activity.
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